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Abstract Autoimmune diseases, including multiple sclerosis 
and type 1 diabetes mellitus, affect about 5% of the worldwide 
population. In the last decade, reports have accumulated on var¬ 
ious autoimmune disorders, such as idiopathic thrombocytope¬ 
nia purpura, myopericarditis, primary ovarian failure, and sys¬ 
temic lupus erythematosus (SLE), following vaccination. In this 
review, we discuss the possible underlying mechanisms of auto¬ 
immune reactions following vaccinations and review cases of 
autoimmune diseases that have been correlated with vaccination. 
Molecular mimicry and bystander activation are reported as pos¬ 
sible mechanisms by which vaccines can cause autoimmune 
reactions. The individuals who might be susceptible to develop 
these reactions could be especially not only those with previous 
post-vaccination phenomena and those with allergies but also in 
individuals who are prone to develop autoimmune diseases, such 
as those with a family history of autoimmunity or with known 
autoantibodies, and the genetic predisposed individuals. 

Further research is encouraged into the direct associations 
between vaccines and autoimmune conditions, and the biolog¬ 
ical mechanisms behind them. 
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Introduction 

In the twentieth century, the vaccination is the most effective 
prevention of epidemiologic infectious diseases, such as po¬ 
liomyelitis, measles, mumps, and rubella [1]. So far, more 
than 70 vaccines have been licensed on the market against 
approximately 30 infectious agents: polio, for example, disap¬ 
peared from the USA by 1979 after widespread vaccination 
[2, 3]. 

Although the vaccines are generally safe, with a low inci¬ 
dence of serious systemic adverse events, numerous reports 
highlighted the occurrence of neurological (Guillain Barre 
syndrome, multiple sclerosis, autism), articular (arthritis, rheu¬ 
matoid arthritis), and autoimmune untoward effects (systemic 
lupus erythematosus, diabetes mellitus) after single or com¬ 
bined multivaccine procedures (Table 1) [4]. 

In the 1994, Stratton and coworkers published the first 
report on a causal relationship between several vaccines 
(e.g., diphtheria, tetanus toxoids, oral polio vaccines) and au¬ 
toimmune disorders (e.g., Guillain-Barre syndrome, type 1 
diabetes, and multiple sclerosis) [5]. 

These autoimmune disorders (rheumatic, endocrinological, 
and gastrointestinal diseases) are increased significantly over 
the last 30 years and affect more than 5% of the individuals 
worldwide at the age of vaccination programs, which is quite 
different compared to the spontaneous autoimmune disease 
incidence [6-9]. These observations raise the problem wheth¬ 
er vaccination should be recommended or avoided in autoim¬ 
mune risk patients [10]. 

The etiology and the trigger mechanism of autoimmune 
disease are still unclear [11], but several studies suggest that 
a vaccine component (inactive viral/bacterial agent or attenu¬ 
ated living microorganism) or a wild superimposed infectious 
agent can induce autoimmune disease in people with a genetic 
predisposition [12, 13]. For instance, Borrelia burgdorferi and 
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Table 1 Autoimmune diseases 

reported after vaccination Autoimmune disease Type of vaccine Ref 


Systemic lupus erythematosus 

HBV, tetanus, anthrax 

[17] 

Rheumatoid arthritis 

HBV, tetanus, typhoid/parathypoid, MMR 

[18] 

Multiple sclerosis 

HBV 

[19-21] 

Reactive arthritis 

BCG, typhoid, DPT, MMR, HBV influenza 

[22-24] 

Polymiositis/ dermatomyositis 

BCG, smallpox, diphtheria, DPT 

[22, 25] 

Polyarteritis nodosa 

Influenza, pertussis, HBV 

[22, 25] 

Guillain-Barre syndrome 

Influenza, polio, tetanus 

[26-28] 

Diabetes mellitus-type I 

HIB 

[29-31] 

Idiopathic thrombocytopenia 

MMR, HBV 

[22, 25] 

Hashimoto thyroiditis 

HBV 

[32] 


group A-hemolytic streptococcus contained in the Lyme dis¬ 
ease and S. pyogenes vaccines can cause chronic arthritis and 
rheumatic heart disease, respectively [14, 15]. 

The autoimmune reaction to specific self-antigens can be 
tissue-specific (such as thyroid, (3-cells of the pancreas), 
where unique tissue-specific antigens are targeted, or system¬ 
ic, with multiple tissues affected, and a variety of expressed 
autoantigens are targeted [2]. 

The main pathogenic mechanisms of autoimmune disease 
are the following: (1) Molecular mimicry by which viral or 
bacterial agents trigger an immune response against 
autoantigens: the susceptible host is infected by an agent car¬ 
rying antigens immunologically similar to the host antigens 
but trigger a different immune response when presented to T 
cells. As a result, the tolerance to autoantigens breaks down, 
and the pathogen-specific immune response causes tissue 
damage [11, 16]; (2) Bystander activation by which microbial 
agents release sequestered self-antigens from host tissue that 
activate antigen-presenting cells (APCs) and dormant 
autoreactive T-helper cells. These auto-reactive T cells, along 
with macrophages, secrete cytokines, and an additive effect 
results in local inflammation and the recmitment of additional 
T-helper cells. 

We searched, Pubmed/Medline between 1980 and 2016, 
the issue of immune disorders following vaccination in order 
to review the state of the art and outline the possible patho¬ 
genic link (see Table 1). 

Influenza vaccine and Guillain-Barre syndrome 

Guillain-Barre syndrome (GBS) affects the peripheral nerves, 
with subsequent muscle weakness and loss of reflexes, in 2-8 
cases per 100,000 person-years, mainly males [33, 34]. It has 
been detected after gastrointestinal or upper respiratory tract 
infections, herpes virus [8], Epstein-Barr virus [9], cytomeg¬ 
alovirus [10], measles [11], and also vaccination; expressing 
autoimmune antibodies (including against GM1, GDI a, 


GTlb, and GQlb gangliosides) that cross-react with epitopes 
on peripheral nerves, leading to demyelination and nerve dam¬ 
age [35-38]. Approximately 20-30% of the cases of GBS is 
positive to Campylobacter jejuni serologic markers [39, 40]. 
More rarely Haemophilus influenzae type b (Hib) and respira¬ 
tory or other microbic infections show an incidence rate of 
0.6-4/100,000 person/year worldwide; GBS has been also 
time related with different vaccines administration, such as 
rabies, polio, tetanus, Bacillus Calmette-Guerin (BCG), small¬ 
pox, mumps, rubella, hepatitis B, and diphtheria [25]. 
However, the association of GBS and the influenza vaccine 
is more striking. Nachamkin and coworkers using “swine 
flu—influenza A (H1N1)” vaccine on 20 mice supposed the 
responsibility of contaminants, such as sialic acid-hemagglu¬ 
tinin (HA) complexes, or C. jejuni antigens mimicking GM1 
ganglioside, leading to the high-titer-specific antibodies after 
inoculation. In 1976, indeed, the H1N1 vaccination campaign 
suddenly dropped in the USA due to an increase, within 
6 weeks, of 500 cases of GBS (including 25 deaths) over 45 
million vaccinated [41]. Laski et al. [27] recorded a 2% of 
increase of GBS cases per million vaccinated persons and also 
in the influenza vaccination program (1992-1993). 

Hoshino et al. (2012) reported the first clinical case of acute 
disseminated encephalomyelitis (ADEM) and GBS associated 
to H1N1 vaccination in a 36-year-old man [42]. The man 
developed acute urinary retention, weakness, limbs numb¬ 
ness, and difficulty in walking within 10 days after the vaccine 
inoculation. Positive anti-GM2 antibodies, which are fre¬ 
quently found in GBS associated with cytomegalovirus infec¬ 
tion [43] were detected. Furthermore, Terryberry et al. [44] 
examined the cerebrospinal fluid (CSF) protein level (normal 
range 125-150 mg/L) that is always elevated (>400 mg/L) in 
GBS patients for the presence of antibodies against 18 myelin 
autoantigens. These results suggest a multiinfectious etiology 
of GBS or an increased susceptibility of GBS patients to in¬ 
fection, supposing that GBS is probably both a humoral and a 
cellular autoimmune disease induced by infection with multi¬ 
ple microorganisms [45]. 
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Several mechanisms might explain this outcome: (1) The 
epitopes of a vaccine could initiate the development of anti¬ 
bodies and/or T cells that could cross-react with epitopes on 
myelin or axonal glycoproteins; (2) Destmction of the axonal 
or myelin membranes might be due directly by vaccine virus 
or vaccine-associated products; (3) Possible genetic suscepti¬ 
bility [42, 46, 47] might be the background. To date, there are 
no epidemiologic studies that address the question of the risk 
of GBS development after vaccination, delaying immuniza¬ 
tion for a short period (e.g., one year) in all the patients with a 
previous neurological illness is recommended bring some risk 
(especially after tetanus toxoid) [48]. 

Influenza vaccine and diabetes 

Type 1 diabetes is an organ-specific autoimmune disease char¬ 
acterized by the selective destruction of pancreatic (3-cells. 
The pathology shows a decreased (3-cell mass with infiltration 
of mononuclear cells into Langerhans nests [49]. 

Currently, around 15 million people, especially young chil¬ 
dren, are affected and epidemiologic studies evidenced an 
increase of incidence of type 1 diabetes mellitus in developed 
countries, among genetically similar populations (e.g. mono¬ 
zygotic twins), supposing that environmental factors play a 
significant role in the process [50-52]. 

Observational studies state a temporal link between child¬ 
hood vaccinations and the development of type 1 diabetes. 
Supposedly, any vaccination after 2 months age increases 
the risk of type 1 diabetes but if practiced in the first month 
of life, it protects against type 1 diabetes [53, 54]. 

Investigators found a lower incidence of type 1 diabetes in 
populations immunized with bacille Calmette-Guerin vaccine 
at birth [55], while others found a higher incidence of the 
disease in children who received four doses of Hib vaccine 
at 3,4,6, and 14 months of age than in those who received one 
dose of Hib vaccine at 14 months of age [55]. In addition, 
21.421 children who received the Hib conjugate vaccine 
(USA, 1988-1990) were followed for 10 years and the risk 
of type 1 diabetes development was 0.78 when compared with 
a group of 22.557 children who did not receive the vaccine 
[55]. Hviid and coworkers compared the type 1 diabetes inci¬ 
dence in routinely administered childhood vaccines (including 
Hib, diphtheria, tetanus, poliovirus, pertussis, measles, 
mumps, and rubella) in a cohort of 740 danish children (bom 
in the range 1990-2000) [56]. Type 1 diabetes was diagnosed 
in 681 children who received at least one dose of vaccine, as 
compared with unvaccinated children, with the consequent 
rate ratio: 0.91 for Hib vaccine; 1.02 for diphtheria, tetanus, 
and inactivated poliovims vaccine; 1.06 for whole-cell pertus¬ 
sis vaccine; 1.14 for measles, mumps, and rubella vaccine; 
and 1.08 for oral poliovims vaccine. The authors found that 
the risk of type 1 diabetes increased among children who had 


one or more siblings with diabetes, supposing also that any 
association between vaccination and type 1 diabetes would be 
more pronounced among children who were genetically 
predisposed to diabetes. Classen and coworkers suggested that 
the timing of vaccination could be meaningful and that some 
vaccines, including Hib vaccine might increase the risk of type 

1 diabetes if given at age 2 months or older [29, 57]. 
Nevertheless, this hypothesis was not confirmed by a 10- 
year follow-up study of more than 100,000 Finnish children 
involved in a clinical trial of the Hib vaccine [30]. In this 
study, there was no increased risk of diabetes when children 
who had received four vaccine doses at 14-18 months, com¬ 
pared with those who received a single dose at 2 years 
[58-59]. Furthermore, the risk of diabetes did not differ be¬ 
tween children in the latter two cohorts and those in a non¬ 
concurrent unvaccinated group. 

In Table 2, we reported a summary of epidemiologic stud¬ 
ies, reviewed by specific scientific committee, on the associ¬ 
ation between influenza vaccine and exacerbation of autoim¬ 
mune disease. 

HBV vaccine and multiple sclerosis 

Multiple sclerosis (MS), also known as a “chronic demyelin- 
ating inflammatory disease,” is an autoimmune disease of the 
central nervous system (CNS) with myelin destruction in the 
CNs or nerve fibers coating sheath. The pathogenic mecha¬ 
nism of MS is supposed to be an overactive or dysfunctional 
immune response to self-antigen. The activated T cells induce 
an inflammatory cascade and cell-mediated attack of CNS 
myelin [69]. The potential association between the hepatitis 
B virus (HBV) vaccination and MS development was first 
recorded at the Hospital Paris (1995-1997) in 35 patients that 
rose primary demyelinating events, including inflammatory 
changes in the CSF protein level and lesions in the cerebral 
white matter on T2-weighted MR images, within 8 weeks of 
recombinant HBV vaccine injection [70, 71], being the wom¬ 
en patients with mean age around 30 years. They were at high 
MS risk, because all had also over-representation of the HLA- 
DR2 antigen and a positive family history of the disease. 
About 200 cases of CNS demyelinating disorders within 

2 months after HBV vaccination were reported to the French 
pharmacovigilance system [72] and 2 years later, the French 
government suspended routine immunization of preadoles¬ 
cents in schools [73]. However, these studies were criticized 
for methodological limitations, including methods used for 
case ascertainment and control selection, the validation of 
vaccination status, and limited statistical power, since the find¬ 
ings of two large-scale studies have shown no significant as¬ 
sociation between HBV vaccination and the MS occurrence 
[74, 75], but different opinions have also been formulated. For 
instance, an unpublished study showed by the “capture- 
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Table 2: Summary of the epidemiologic studies on relationship between Influenza vaccine and autoimmune diseases 


Type vaccine Study design Patients Findings: primary effect size estimated 

(95% Cl or p value) 


Ref 


Studies included in the weight of epidemiologic evidence for Influenza Vaccine and Optic Neuritis 


OR for optic neuritis onset any time after [60] 

influenza vaccination: 1.2 (95% Cl, 

0.6-2.3) 

OR for optic neuritis onset within 18 weeks [61] 

of influenza vaccination: 1.01 (95% Cl, 

0.79-1.29) 

Studies included in the weight of epidemiologic evidence for Influenza Vaccine and MS Relapse in Adults 


Influenza vaccine Case control study 


Case control study 


-108 patients with optic neuritis 


-1,131 patients with optic neuritis 
-3,393 controls 


Influenza vaccine 

Double-blind, randomized 
controlled trial 

-49 vaccinated 
-54 received placebo 

Significant difference in MS relapse within 28 
days or 6 months of influenza vaccination 

[62] 

Case-crossover controlled -643 patients with definite or probable 
study MS diagnoses 

Studies included in the weight of epidemiologic evidence for Influenza Vaccine and GBS 

RR of MS relapse within 2 months of influenza 
vaccination: 1.08 (95% Cl, 0.37-3.10) 

[63] 

Influenza Vaccine 

Controlled study 

-12 vaccinated 
-393 unvaccinated 

RR of GBS onset within 8 weeks of influenza 
vaccination: 1.4 (95% Cl, 0.7-2.1) 

[64] 


Controlled study 

1979-1980 season: 

RR of GBS onset within 8 weeks of vaccination 

[65] 


-7 vaccinated 
-412 unvaccinated 

1980-1981 season: 
-12 vaccinated 
-347 unvaccinated 


during 1979-1980 season: 0.6 (95% Cl, 
0.45-1.32). RR of GBS onset within 8 weeks 
of vaccination during 1980-1981 season: 1.4 
(95% Cl, 0.80-1.76) 


Influenza vaccine Self-controlled study 


Self-controlled study 


-Three GBS cases in risk period 
(42 days after vaccine) 

-225 GBS cases in control period 

-51 GBS cases in risk period 
(2-7 weeks after vaccine) 

-141 GBS cases in control period 
(26-43 weeks after vaccine) 


Adjusted RR of GBS onset within 42 days of [66] 
influenza vaccination: 0.99 (95% Cl, 

0.32-3. 12; p = .99) 

RR of hospitalization for GBS onset during the [67] 
2-7 weeks after influenza vaccination: 1.45 
(95% Cl, 1.05-1.99) 


Retrospective study 


2005-2006: 12 events in risk period; RR of GBS onset (all ages) 1^12 days after 


14.4 events in control period. 

2006- 2007: 17 events in risk period; 
15.1 events in control period 

2007- 2008: 23 events in risk 
period; 16.7 events in control period 


[ 68 ] 


influenza vaccination during the 2005-2006 
season: 0.83 RR of GBS onset (all ages) 1^12 
days after influenza vaccination during the 
2006-2007 season: 1.13 RR of GBS onset 
(all ages) 1^12 days after influenza 
vaccination during the 2007-2008 
season: 1.37 


recapture” method that the real number of MS cases linked to 
HBV vaccine was 2-2.5 higher than the officially registered 
number in the French pharmacology. Heman and coworkers 
performed a case-control study on 163 MS cases and 1604 
matched controls, in the UK within the General Practice 
Research Database, and found an increased odds ratios (OR) 
for MS (OR 3.1; Cl 1.5-6.3) within the 3 years following HBV 
immunization [76]. Another epidemiological case-control 
study was conducted to evaluate serious post-vaccination ad¬ 
verse events registered in the USA through a spontaneous 


reporting system in the VAERS database. Adults receiving 
HBV immunization had significantly increased OR for MS 
(OR 5.2; Cl 1.9-20) in comparison with an age, sex, and 
vaccine year-matched unexposed tetanus-containing vaccine 
group [77]. In the same way, a French study on demyelination 
in childhood [78] showed that Engerix B® vaccine adminis¬ 
tration was associated with an increased trend of confirmed 
MS after 3 years (OR 2.77; Cl 1.23-6.24). Temey and co¬ 
workers described a case report of a female patient (16 years) 
that has neurological symptoms within 10 weeks after HBV 
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immunization [79]. The laboratory assays and brain MRI con¬ 
firmed acute disseminated encephalomyelitis, collagenosis, 
sarcoidosis, and a first attack of MS [80]. The patient was 
treated with immunoglobulin therapy for 10 times (1 g/kg/ 
day) and showed a marked improvement. This report indicates 
a temporal link between the encephalomyelitis episode and 
HBV vaccination. The mechanism of this link is unclear, but 
Faure et al. hypothesize that it is due to molecular mimicry: 
HBV polymerase (HBV-pol) protein, which could be a con¬ 
taminant in the recombinant or plasma-derived vaccines, 
could be co-purified with HBsAg during the manufacturing 
process, and could act as autoantigen, triggering autoimmune 
demyelinating disease, such as MS [81]. 

The controversy between the cited studies suggests the 
need of further investigations of the relationship between 
HBV vaccination and development of MS. 


HBV vaccine and systemic lupus erythematosus 

Systemic lupus erythematosus (SLE) is a chronic, 
multisystemic autoimmune inflammatory disease with multi¬ 
factorial etiology, including genetic susceptibility, gender dif¬ 
ferences, and immune system alterations triggered by environ¬ 
mental factors, such as ultraviolet radiation (sunlight) as well 
as infectious agents, primarily viruses [82, 83]. SLE mortality 
and morbidity significantly improved in the last decade, and 
viral infections have been alleged in the onset or worsening of 
symptoms of SLE (20-55%) [84]. 

Several studies reported the relationship between SLE and 
HBV vaccine, with statistically significant temporal/causal 
association, probably due to the low prevalence of post¬ 
vaccination autoimmunity, low rate of reporting post¬ 
vaccination adverse events, and various latency periods be¬ 
tween vaccination and the onset of disease, as well as atypical 
presentation of autoimmunity following vaccine [85, 86]. 

For instance, a case control study of 265 SLE patients and 
355 control subjects showed that the 95% of SLE individuals 
reported a history of allergy to medications, particularly to 
antibiotics. There was little association with history of mono¬ 
nucleosis, a marker of late infection with Epstein-Barr virus, 
implanted medical devices, or hepatitis B vaccination [87]. 

The first identified SLE case following the HBV vaccine is 
recorded by Guiserix et al. [88]. A 26-year-old woman pre¬ 
sented with fever; cutaneous emption of the face, arms, and 
legs; and chills after one week of a first recombinant HBV 
vaccine (GenHevac-B) dose. The cutaneous biopsy and im¬ 
munologic tests (antinuclear antibodies, complement compo¬ 
nent C3, and C4 level), carried out 3 months later, confirmed 
the SLE diagnosis. The authors supposed that Hb surface an¬ 
tigen protein could play a significant pathogenic role and that 
the patient with SLE clinical picture should stop the 


immunization protocol, repeating the antinuclear antibody test 
3 months later [89]. 

Agmon-Levin and coworkers analyzed retrospectively the 
medical records of 10 SLE patients who developed the disease 
following HBV vaccination (20% after the first dose, 20% 
after the second dose, and 60% after the third dose) [90]. 
The mean latency period from the first HBV immunization 
and onset of autoimmune symptoms was 56.3 days. The typ¬ 
ical SLE manifestations included the joints (100%), skin 
(80%), muscles (60%), and photosensitivity (30%). Seven pa¬ 
tients (70%) followed the vaccination protocol although a 
possible autoimmune adverse event was noticed with 
follow-up period between 1 and 17 years. The clinical find¬ 
ings showed positive ANAs and other autoantibodies in the 
90% of patients, low levels of complement in three of the four 
examined patients; and elevated cytokine levels [interleukin-2 
(IL-2) receptor, interferon-alpha (INFa), and tumor necrosis 
factor (TNF)] in one patient. Accordingly, with this study, 
others reported a latency period of several days to 2 years 
between immunization and the onset of SLE , since the Post- 
HBV vaccine autoimmune conditions can be transient condi¬ 
tions (e.g., vasculitis, arthritis, erythema nodosum) and onset 
or relapse of a defined disease (e.g., rheumatoid arthritis, mul¬ 
tiple sclerosis, SLE) [91]. 

The cause-and-effect interaction between HBV vaccine 
and SLE is unclear, although the post-HBV vaccination auto¬ 
immunity might be related to an increase in the number of 
immune complexes as well as to the molecular mimicry be¬ 
tween some components of the vaccine (e.g., aluminum, 
yeast, thimerosal) and self-antigens [92]. This theory is sup¬ 
ported by the study of Kowal et al. [93] that proved cross¬ 
reactivity, at the molecular level, between pneumococcal anti¬ 
bacterial antibodies and generation of antiDNA antibodies, in 
SLE patients. 

Individuals developing a post-vaccination chronic disease 
are rare when compared with the number of vaccines admin¬ 
istered. However, physicians and patients should be encour¬ 
aged to routinely ask about prior vaccination and report such 
possible association, as in most countries reporting vaccine 
adverse events is based on voluntary rather than obligatory 
notification. 

Epidemiologic studies, reported in Table 3, hypothesized 
that the vaccine could be the precipitating event but these 
studies did not provide evidence linking these autoimmune 
diseases to HBV vaccine. 

MMR vaccine and idiopathic trombocytopenia 

Another confirmed autoimmune adverse effect associated 
with vaccination is the induction of idiopathic thrombocyto¬ 
penia (ITP), also known as immune thrombocytopenia, fol¬ 
lowing the measles-mumps rubella (MMR) vaccine, in 
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Table 3: Summary of the epidemiologic studies on relationship between HBV vaccine and autoimmune diseases 


Type vaccine Study design Patients Findings: primary effect size estimated (95% Cl or Ref 

p value) 


Studies included in the weight of epidemiologic evidence for HBV Vaccine and Optic Neuritis 


HBV vaccine Case control study -108 patients with optic neuritis, 

-228 controls 


OR for optic neuritis onset any time after hepatitis B [60] 
vaccination: 1.2 (95% Cl, 0.5-3.1) 


Case control study -1,131 patients with optic neuritis, 
-3,393 controls 


OR for optic neuritis onset within 18 weeks of hepatitis [61] 
B vaccination: 1.02 (95% Cl, 0.68-1.54) 


Studies included in the weight of epidemiologic evidence for HBV Vaccine and MS onset in adults 
HBV vaccine Case control study -190 patients with MS Age-adjusted RR of MS onset any time after hepatitis B [19] 

vaccination compared to healthy controls: 0.9 
(95% Cl, 0.5-1.6) 

-534 healthy controls, Age-adjusted RR of MS onset within 2 years of hepatitis 

B vaccination compared to healthy controls: 0.7 (95% 

Cl, 0.3-1.7) 

-111 breast cancer controls Age-adjusted RR of MS onset any time after hepatitis B 

vaccination compared to breast cancer controls: 1.2 
(95% Cl, 0.5-2.9) 

Age-adjusted RR of MS onset within 2 years of hepatitis 
B vaccination compared to breast cancer controls: 1.0 
(95% Cl, 0.3—4.2) 


HBV vaccine Case control study -332 MS patients, 

-722 controls 


OR for MS onset any time after hepatitis B vaccination: [60] 
0.8 (95% Cl, 0.5-1.4 


Case control -163 MS patients, 

-1,604 controls 


OR for MS onset within 3 years of hepatitis B [76] 

vaccination: 3.1 (95% Cl, 1.5-6.3) 


Studies included in the weight of epidemiologic evidence for HBV Vaccine and first demyelinating event in adults 


HBV vaccine Controlled study -440 patients with demyelinating disease; 

-950 controls 


OR for demyelinating disease onset any time after 
hepatitis B vaccination: 0.9 (95% Cl, 0.6-1.5) 


[60] 


Controlled study -1,131 patients with optic neuritis; 
-3,393 controls 


OR for optic neuritis onset within 18 weeks of hepatitis [61] 
B vaccination: 1.02 (95% Cl, 0.68-1.54) 


Self-controlled study -234 patients with a frst CNS demyelinating 
event 


RR of first demyelinating event 0-60 days after hepatitis [94] 
B vaccination: 1.68 (95% Cl, 0.76-3.68). RR of first 
demyelinating event 61-365 days after hepatitis B 
vaccination: 1.33 (95% Cl, 0.65-2.69). RR of first 
demyelinating event indefinitely (maximum of 
2.29 years) after hepatitis B vaccination: 1.35 
(95% Cl,0.61-3.01) 


particular within 6 weeks of immunization [95-97]. ITP is an 
autoimmune condition, clinically characterized by low platelet 
count (less than 100,000 platelets per microliter) due to in¬ 
creased destruction and impaired platelet production, and by 
the presence of autoantibodies (IgG) directed toward platelet 
membrane antigens (glycoproteins Ilb-IIIa) [98]. The main 
clinical manifestations include various degrees of cutaneous 
and/or mucosal purpura; life-threatening hemorrhages occur 
in less than 5% of adult patients [99]. ITP risk following the 
MMR vaccine is seen highest in children, aged 12-19 months, 
which is the estimated age when children would normally be 
receiving the MMR vaccine. 


The development of ITP after the administration of a live 
attenuated measles vaccine was first described by Oski and 
Naiman in 1966 [100]. Since then, epidemiological data have 
clearly demonstrated higher incidence rates of ITP after MMR 
vaccine, administered alone or in combination [101, 102]; and 
in 1993, the Vaccine Safety Committee of the Institute of 
Medicine declared the potential relationship between the 
MMR vaccine and ITP [103]. 

Miller and coworkers identified 35 cases (aged 12 to 
23 months) of ITP after MMR vaccination and estimated that 
the attributable risk of ITP within 6 weeks of MMR vaccina¬ 
tion is 1 in 32,300 vaccinations [8]. These findings have been 
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confirmed in the further case-control study: 23 children (aged 
13-24 months) developed ITP after receiving their first MMR 
dose inoculation, occurring symptoms between day 7 and day 
28 after vaccination. 

France and coworkers evaluated the risk of ITP after MMR 
immunization in a large population (1,036,689 children, aged 
12 months to 18 years) [104]. By using electronic databases, 
they identified 1673 individuals as potential cases (low plate¬ 
let count <50,000/qL). Of these, they excluded 532 who had a 
known cause of thrombocytopenia (e.g., aplastic anemia, leu¬ 
kemia) and 546 who were 30 days of age at the time of diag¬ 
nosis. These data were similar in magnitude to the results of 
Miller et al. (IRR: 3.27) and Black et al. (odds ratio: 6.10) 
[105, 106]. Furthermore, the authors found a significant asso¬ 
ciation (IRR: 7.1) on children aged 12 to 15 months. The 
hypothesis that MMR-related ITP may be due to a specific 
immunological mechanism is supported by the recent findings 
by Okazaki [109] who detected anti-measles and anti-rubella 
virus IgG antibodies in platelets isolated from a case (aged 
15 month) who developed ITP within 4 weeks of the sequen¬ 
tial MMR vaccine. The antibodies were found on day 154 of 
illness when the platelet count was very low but were no 
longer detectable on day 298 (at the end of the period of 
thrombocytopenia) or on day 373, when the disease was cured 
[107]. Some ITP cases that can be negative for antiplatelet 
antibodies can be due to other mechanisms: here, complemen¬ 
tary T cell immune-mediated destruction or the reduction in 
the formation of platelets is suspected and with presentation of 
glycoprotein antigens to APCs, autoantibody generation is 
stimulated, and ITP can occur [108, 109]. 

Anyway, the ITP disappears in a few days or weeks in most 
cases: more than 90% of children are completely cured within 
6 months of diagnosis, and less than 10% develop chronic 
disease [110]. 

In conclusion, although MMR vaccine is associated with 
an increased ITP risk, the risk is lower compared to the wild 
viruses, and the clinical picture is less severe. Children with 
chronic ITP require a more cautious approach: for example, 
the British Committee for Standards in Haematology advises 
measuring measles titers before booster administration in or¬ 
der to decide whether a further dose is indicated. If a child has 
not been previously immunized, the risk-benefit ratio of 
MMR should be weighed against the risk of measles in the 
community at the time [111]. 

MMR vaccine and rheumatoid arthritis 

Rheumatoid arthritis (RA) is a chronic autoimmune disease of 
unknown etiology, characterized by inflammatory 
polyarthritis affecting 1 % of the adult population worldwide 
[112, 113]. RA is caused by a combination of genetic suscep¬ 
tibility and environmental factors, including not only 


increased antibody levels of measles virus but also by vaccine 
strain [114]. A few case reports describe arthritis as a common 
complication of wild rubella virus in adults, but it occurs less 
often in children; that in several cases represents the first RA 
clinical manifestation [115]. 

Nussinovitich and coworkers (1995) described the first 
case of acute monoarthritis with effusion in a child (aged 
19 months) within 8 days after mumps and measles vaccine, 
most probably due to the mumps component [116]. The lab¬ 
oratory findings confirmed the following (1) Mumps antibod¬ 
ies (IgG) as measured 1 month later by complement fixation 
assays were 1/64; (2) Measles antibodies were 1/16 (the titer 
normally expected after vaccination was >1/8). The patient 
was treated with intravenous cefuroxime for 5 days, followed 
by cephalexin by mouth for another 21 days; and his joint 
symptoms subsided within 24 h. 

Another study evaluated the incidence of joint manifesta¬ 
tions within 6 weeks after MMR immunization [117]: it in¬ 
cluded 2658 vaccinated and 2359 non-vaccinated children, 
confirming an increased risk of joint symptoms (arthralgia or 
arthritis) in the immunized children. 

Symmons et al. [23] suggest three possible explanations to 
the potential association between immunization and the devel¬ 
opment of arthritis: (1) it is due to the casual occurrence of two 
common phenomena: immunization and arthritis; (2) the vac¬ 
cine activates a specific form of arthritis that is distinct from 
RA (post-immunization arthritis) and that is usually self¬ 
limited; and (3) the vaccine is one of the factors which can 
trigger the development of RA (so as the infections). A few 
studies were identified, in the literature, from specific scien¬ 
tific committee to evaluate the risk of autoimmune disease 
after the administration of MMR vaccine (Table 4). 

HPV vaccine and primary ovarian failure 

The HPV vaccines (such as Gardasil® and Cervarix®) were 
introduced to fight the cervical cancer; however, several cases 
of onset or exacerbations of autoimmune diseases following 
vaccination have been reported [128]. In 2013, Colafrancesco 
reviewed three women (two of them are sisters, thus bringing 
the relevance of genetics linkage) that developed primary 
ovarian failure within 2 years by HPV vaccine [129]. All the 
patients developed secondary amenorrhea, low estradiol, and 
high follicle-stimulating hormone (FSH) and luteinizing hor¬ 
mone (LH) following HPV vaccination, and elevated anti¬ 
antibodies levels (e.g., anti-thyroid antibodies and anti- 
ovarian antibodies). The authors suggested that the use of 
adjuvants in the HPV vaccine could be a risk factor for 
eliciting an autoimmune reaction to the vaccination: the 
DNA fragments detected in 16 different Gardasil® vaccines 
appeared to be bound to the aluminum used in the vaccine 
formulation. 
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Table 4: Summary of the epidemiologic studies on relationship between MMR vaccine and autoimmune diseases 


Type vaccine Study design Patients Findings: primary effect size estimated (95% Cl Ref 

or p value) 


Studies included in the weight of epidemiologic 
MMR vaccine Retrospective study 


evidence for MMR Vaccine and transient 

- 485 vaccinated women; 

- 493 unvaccinated women 

-268 vaccinated, 

-275 received placebo 

-971 seronegative, vaccinated women, 
-2,421 seropositive, unvaccinated, 
aged-matched controls; 

-924 seronegative, unvaccinated, 
unmatched controls 


arthralgia in women and children 

Vaccinated: 4 cases of arthralgia (0.8%). 
Unvaccinated: 3 cases of arthralgia 
(0.6%). Differences were not 
statistically significant 

Acute arthralgia or arthritis within 12 months 
of rubella vaccination: 1.73 (95% Cl, 
1.17-2.57) 

Vaccinated: 4 patients diagnosed as acute 
arthralgias cases and 1 as indeterminate, 
seropositive, unvaccinated. 

Controls: one acute event 


Double-blind, randomized 
controlled trial 

Retrospective study 


[118] 


[119] 

[ 120 ] 


Double-blind, randomized, Presence of Dominican Republic-2 
controlled trial (DR2) virus: 

41 vaccinated; 

38 received placebo 


Acute arthralgia or arthritis within 12 months of [121] 
rubella vaccination in women expressing 
DR2: 4.8 (95% Cl, 1.2-18.8) 


MMR vaccine Double-blind, controlled 581 twin pairs 
crossover study 


Maximum difference rate of arthropathy [122] 

between MMR vaccine and placebo groups 
at 7-9 days after vaccination: 0.8% (95% Cl, 

0 . 2 - 1 . 3 %) 


Double-blind, controlled 
crossover study 


581 twin pairs, separated into two age 
groups: 14—18 months and 
6 years of age 


Adjusted OR of arthralgia in the 14—18 month 
age group within 21 days of MMR 
vaccination: 3.66 (95% Cl, 1.74-7.70) 


[123] 


Double-blind, randomized 
control trial 


2,216 vaccinated with MMR II, 3,521 
unvaccinated 


MMR II group: 8 joint reactions (primarily 
transient arthralgia) within 30 days of 
vaccination 


[124] 


Case-control 


125 patients with psoriatic arthritis; 
163 patients with psoriasis 


OR for psoriatic arthritis after rubella 
vaccination: 12.4 (95% Cl, 1.20-122.14) 


[125] 


Studies included in the weight of epidemiologic evidence for MMR Vaccine and Type 1 Diabetes 


MMR vaccine Case-control 


-393 children with type 1 diabetes; OR for type 1 diabetes diagnosis; any time after 
-786 controls matched on age, sex, MMR vaccination: 0.95 (95% Cl, 0.71-1.28) 

and county OR for type 1 diabetes diagnosis any time after 

measles vaccination: 0.74 (95% Cl, 0.55-1.00) 
OR for type 1 diabetes diagnosis any time after 
mumps vaccination: 1.75 (95% Cl, 

0.54—5.70). OR for type 1 diabetes diagnosis 
any time after rubella vaccination: 1.24 (95% 
Cl,0.41-3.73) 


[126] 


Case-control 


-136 children with type 1 diabetes; 
-272 controls matched on age and 
registration with the same family 
pediatrician 


OR for type 1 diabetes diagnosis any time after [127] 
MMR vaccination: 0.382 (95% Cl, 

0.201-0.798) OR for type 1 diabetes 
diagnosis any time after measles 
vaccination: 0.777 (95% Cl, 

0.403-1.498) 


Retrospective cohort 739,694 children Rate ratio for type 1 diabetes diagnosis any [56] 

time after one dose of MMR vaccine 
compared to the unexposed: 1.14 (95% 

Cl, 0.90-1.45) 
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HPV vaccine and SLE 

In 2013, Gatto and coworkers investigated cases of SLE in 
women following HPV vaccination [130]. The onset of SLE 
occurred during the later doses of the HPV vaccination sched¬ 
ule and all the women had family histories of autoimmune 
disease. The major remitting patients with immunosuppres¬ 
sion therapy had mild adverse effects to the vaccine immedi¬ 
ately following the first dose of the HPV vaccine and then 
developed heavier SLE symptoms within two months after 
subsequent vaccine administration. In conclusion, the authors 
hypothesized a potential causal link between HPV vaccination 
and onset or relapse of SLE [130]. Thus, although for most 
patients, the benefits of immunization outweigh its risks, cli¬ 
nicians must be aware of the odds for an autoimmune disease 
onset or exacerbation following HPV vaccination. A meticu¬ 
lous pre-vaccination risk-benefits assessment, close follow¬ 
up during and after each boost of vaccination, as well as as¬ 
sessment of concomitant therapy with immune-modulating 
agents such as hydroxychloroquine (HCQ), seems reasonable 
for patients with an autoimmune disease. In 2013, Macartney 
and colleague reviewed the literature of HPV vaccine-related 
adverse effects and they reported almost mild reaction such as 
local injection site swelling with local or generalized pain 
[131]. Subjective reports are the primary source of vaccine 
adverse event but a systematic approach to track vaccination 
morbidity is required. In addition, the short follow-up institu¬ 
tionally fixed by the health authorities miss mild and severe 
long-term adverse reactions and large genetically different 
vaccinated group would better outline the problem. Thus, 
long-term surveillance of vaccines among interethnic popula¬ 
tions groups would define more accurately their safety. 

HPV vaccine and ASIA syndrome 

Recently, several reports have suggested grouping different 
autoimmune conditions that are triggered by external stimuli 
(e.g., exposure to vaccine) as a single syndrome called auto¬ 
immune syndrome induced by adjuvants (ASIA) [132]. This 
syndrome is characterized by the appearance of myalgia, myo¬ 
sitis, muscle weakness, arthralgia, arthritis, chronic fatigue, 
sleep disturbances, cognitive impairment, and memory loss. 
This term was introduced by Yehuda Shoenfeld, who 
highlighted the pathogenic role of adjuvants in the induction 
of autoimmune syndromes: these compounds mimic evolu- 
tionarily conserved molecules (e.g., bacterial cell walls, LPS, 
unmethylated CpG-DNA) and bind to toll-like receptors 
(TLRs). They activate dendritic cells (DCs), lymphocytes, 
and macrophages, increasing subsequently the release of 
chemokines and cytokines from T-helper and mast cells 
[133-137]. The adjuvants added into vaccines can induce a 
non-specific activation of the immune system with a 


subsequent expansion of autoreactive (in our case, myelin 
specific) lymphocytes that may be further accelerated by de¬ 
fective regulatory cells/circuits, in genetically susceptible in¬ 
dividuals. Indeed, the main individuals at ASIA syndrome risk 
are as follows: (1) patients with prior post-vaccination auto¬ 
immune phenomena, (2) patients with a medical history of 
autoimmunity, (3) patients with a history of allergic reactions, 
and individuals who are prone to develop autoimmunity (hav¬ 
ing a family history of autoimmune diseases, presence of au¬ 
toantibodies, carrying certain genetic profiles, etc.) [138]. 

In the 2016, we retrospectively described a case series in¬ 
cluding 18 girls (aged 12-24 years) for the evaluation of 
“neuropathy with autonomic dysfunction” immediately after 
HPV vaccine [Gardasil® (9 girls) and Cervarix® (9 girls)] 
[139]. All girls complained of long-lasting and invalidating 
somatoform symptoms of the recently described ASIA syn¬ 
drome (including asthenia, headache, cognitive dysfunctions, 
myalgia, sinus tachycardia, and skin rashes) that have devel¬ 
oped 1-5 days in = 11), 5-15 days in = 5), and 15-20 days 
(n = 2) after the last dose vaccination. The HPV vaccine for¬ 
mula contains aluminum (225 e 500 qg/each dose in 
Gardasil® and Cervarix®, respectively) but also high poly- 
sorbate 80 (50 meg) concentration that might also induce a 
greater meningeal permeability leading to a facilitated en¬ 
trance of many substances to the CNS. Based upon these 
observations, it might be speculated that HPV vaccine could 
induce some abnormal activation of immune competent cells 
in the CNS, such as the glia. 

Among the risk factors for ASIA syndrome, the metal hy¬ 
persensitivity in girls, mainly genetically predisposed individ¬ 
uals, exposed to immunization, has been suspected. We tested 
five adjuvant metals (aluminum, mercury, nickel, methyl- 
mercury, thimerosal) in our case series through in vitro blood 
test and lymphocyte transformation test (MELISA®). 
However, the study was fmstrating, being the seven girls neg¬ 
ative to each of the five metals tested, showing a metal- 
hypersensitivity only in nine patients: toxicity to aluminum 
(two girls), reactivity to nickel (seven girls), followed by mer¬ 
cury (four girls) [140]. 

Case control and epidemiological studies and a detailed 
genetic analysis of affected girls and their family might better 
define the link between vaccination and CNS damage. 

HPV Vaccine and transverse myelitis 

Transverse myelitis (TM) is the paradigm of inflammatory 
myelopathy, in which an immune-mediated process causes 
neural injury to the spinal cord, resulting in varying degrees 
of weakness, sensory alterations, and autonomic dysfunction. 
TM may exist as part of a multifocal central nervous system 
disease (e.g., multiple sclerosis), multisystemic disease (e.g., 
SLE), or as an isolated idiopathic entity [141]. A recent review 
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(2014) summarizes nine published cases of CNS demyelin- 
ation, including not only myelitis but also optic neuritis and 
encephalitis, following HPV vaccination [142]. There are pre¬ 
vious reports of CNS inflammatory syndromes following 
HPV vaccination describing a 10-day to 5-month time lapse 
from vaccination to symptom onset, with a minimum of a 21- 
day interval in cases developing myelitis. For instance, a 14- 
year-old immunocompetent girl noticed her left hand felt 
weak and numb, after 3 days of a first dose of HPV vaccine 
(Gardasil®) and these symptoms spread to the rest of her arm 
and ipsilateral thoracic region, abdomen, and leg. On a med¬ 
ical examination, the girl had bilateral diminished sensation to 
light touch, pain, and vibration below C5 level; muscle weak¬ 
ness of her left arm and leg; and hyperreflexia bilaterally with 
nonsustained clonus and a left extensor plantar response. 
Neurologic examination was otherwise normal. The relation¬ 
ship between HPV vaccination and subsequent CNS inflam¬ 
mation remains unclear. In the genesis of CNS inflammatory 
disorders post-HPV vaccination, both molecular mimicry be¬ 
tween vaccine antigen and myelin proteins and toxic materials 
in vaccine components can represent potential causative fac¬ 
tors [143]. Regarding etiology, the patient was immunocom¬ 
petent and there were no systemic signs of infection. The 
absence of cells in CSF analysis and the presence of 
oligoclonal bands with an increased nonspecific immunoglob¬ 
ulin M ratio suggested a background of a CNS inflammatory 
condition; however, the mechanism of disease, whether viral- 
induced or immune-mediated, remains to be determined. 

Genetic basis for autoimmune diseases following 
vaccination 

Several studies identified genetic variants of the human leu¬ 
kocyte antigen (HLA) gene family, significantly associated 
with vaccine-induced autoimmune activation; some of these 
HLA variants include HLA DRB1, HLA DRB2, HLA DR4, 
HLA and DRQ8 that are implicated in autoimmune processes, 
such as detection and removal of antigens during infection 
[144-146]. 

A significant study, conducted in 2008, found statistical 
correlations between six genetic variants [three variants of 
interleukin 4 (IL4), two variants of interferon regulatory factor 
(IRF1), and one variant of methylenetetrahydrofolate reduc¬ 
tase (MTHFR), the C677T allele] and adverse event vaccine 
following smallpox vaccine [147]. 

IL4 is an anti-inflammatory cytokine involved in the cell- 
mediated inflammatory immune response, including inhibi¬ 
tion of monocyte and dendritic cell migration to inflamed 
tissue and promotion of Th2 effector pathways [148, 149]. 
CD4+ T cell differentiation away from the Thl pathway ren¬ 
ders them unable to activate macrophages. Upon immunolog¬ 
ical challenge by vaccination, the differentiation of CD4+ T 


cells into armed Thl versus Th2 cells plays a vital role in 
determining whether the adaptive immune response will be 
dominated by humoral effectors or macrophage activation 
[150]. Thus, genetic polymorphisms related to inappropriate 
regulation of IL-4 expression and/or activity of IL-4 cytokine 
may over-stimulate inflammatory responses, leading to the 
development of adverse events. IL-4 dysregulation may also 
play a role in AEs resulting from the inappropriate clearance 
of apoptotic immune effector cells after infection, as this func¬ 
tion is normally carried out by macrophages. 

IRF1 is a transcription factor involved in the release of 
cytotoxic interferon, and cell apoptosis; it may push macro¬ 
phage activity beyond the threshold of AE development [151]. 
Hyperactive IRF1 may also prolong the life of immune cells 
that should be cleared following infection, protracting the pe¬ 
riod of inflammation and leading to AEs. 

The MTHFR 677 variant has been associated with many 
phenotypes, including cardiovascular function, transplant 
health, toxicity of immunosuppressive drugs, and systemic 
inflammation [152, 153]. Elevated plasma homocysteine 
levels stimulate endothelial inflammatory responses, which 
could contribute to adverse events. Alternatively, since vacci¬ 
nation elicits 109 immune responses involving the rapid pro¬ 
liferation of cells, demand for DNA synthesis metabolites 
would be elevated, and alterations in the level or activity of 
MTHFR enzyme may exert significant influence over this 
process. 

The results of this study evidence the utility of validation in 
genetic studies of complex phenotypes. As with any statistical 
association, follow-up studies are needed to identify the par¬ 
ticular genetic susceptibility variants and examine the func¬ 
tional consequences of polymorphisms in the AE-associated 
genes. Since the authors found multiple AE-associated SNPs 
in regions of IL-4 and IRF1, focused studies should be under¬ 
taken to characterize the genetic variability in these candidate 
regions. While the association of AEs with a non-synonymous 
polymorphism in the gene 113 for MTHFR points toward 
functional significance of this SNP, deep resequencing should 
determine whether this is indeed the case. For ah three candi¬ 
date genes, functional studies are needed to connect genetic 
polymorphisms to AEs following immunization. 

Discussion 

Most of the studies on vaccine-related adverse events reduce 
to a 10-20 day follow-up analysis, the recruitment of putative¬ 
ly linked autoimmune events. The analysis of potential corre¬ 
lation between vaccine and autoimmune events/diseases is 
puzzling, being not-specific and without a clear cut diagnosis, 
not excluding other contemporary virus infections, environ¬ 
mental factors, or nutrition imbalance. The adjuvants (e.g., 
aluminum, thimerosal) in vaccines were related to 
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Table 5 A summary of the 
epidemiologic assessments and 
causality conclusions for hepatitis 
A vaccine 


Type 

vaccine 

Adverse event 

Epidemiologic 

assessment 

Studies contributing 
to epidemiologic 
assessment 

Causality 

conclusion 

Hepatitis A 

Transverse myelitis 

Insufficient 

None 

Inadequate 

vaccine 

MS 

Insufficient 

None 

Inadequate 


Guillain-Barre syndrome 

Insufficient 

None 

Inadequate 


Chronic inflammatory disseminated 
polyneuropathy 

Insufficient 

None 

Inadequate 


Autoimmune hepatitis 

insufficient 

None 

Inadequate 


autoantibodies levels, such as raised anticardiolipin antibodies 
after influenza vaccination in patients with lupus, anti- 
Epstein-Barr antibodies after HPV vaccine [139, 154-156]. 
The adjuvants enhance and prolong the immune response, 
promoting physical protection against the pathogen and facil¬ 
itating its translocation to lymph nodes [157]. The develop¬ 
ment of an inactivated vaccine would be a solution for the 
immunosuppressed individuals. However, killed vaccines 
may have disadvantages as risk of incomplete inactivation, 
change in immunogenic properties of the virus, and the use 
of multiple doses [158, 159]. The relationship between vac¬ 
cines and autoimmunity is bidirectional. On the one hand, the 
immunization prevents infectious diseases, and thus in turn 
prevents the development of an overt autoimmune disease 
which in some individuals is triggered by infections. 
Furthermore, Singh et al. [160] suggest that immunization 


with certain vaccines may stimulate the immune system to 
modulate or prevent the generation of pathogenic cells by 
the induction of regulatory cells, and thus prevent autoimmu¬ 
nity. The post-vaccination adverse events strongly suggest that 
vaccinations can trigger autoimmunity in a similar way to the 
infections to be prevented. In this way, vaccination should be 
considered as part of the mosaic of autoimmunity, in which 
abrogation of an autoimmune disease (and in the case of vac¬ 
cination, the prevention of an autoimmune disease) could con¬ 
comitantly induce another autoimmune disease. 

During the vaccination process, only a comprehensive and 
multidisciplinary strategy can help to reduce the risk that a new 
one will induce autoimmune reactions: (1) the question whether 
clinical manifestations of an autoimmune nature are known to 
be associated with the infectious disease that will be the target 
of the new vaccine has to be raised. If such events have been 


Table 6 A summary of the 
epidemiologic assessments and Type 

Adverse event 

Epidemiologic 

Studies contributing 

Causality 

causality conclusions for hepatitis vaccine 


assessment 

to epidemiologic 

conclusion 

B vaccine 



assessment 



Hepatitis B 

Transverse myelitis 

Insufficient 

None 

inadequate 

vaccine 

Optic neuritis 

Limited 

2 

Inadequate 


MS onset in adults 

Limited 

4 

Inadequate 


MS onset in children 

Limited 

1 

Inadequate 


MS relapse in adults 

Limited 

1 

Inadequate 


MS relapse in children 

Limited 

1 

Inadequate 


First demyelinating event in 
adults 

Moderate 

3 

Inadequate 


First demyelinating event in 
children 

Limited 

1 

Inadequate 


Guillain-Barre syndrome 

Insufficient 

None 

Inadequate 


Chronic Inflammatory 

Disseminated 

Polyneuropathy 

Insufficient 

None 

Inadequate 


Onset or exacerbation of 
rheumatoid arthritis 

Limited 

1 

Inadequate 


Type 1 diabetes 

Moderate 

1 

Inadequate 


Fibromyalgia 

Insufficient 

None 

Inadequate 
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Table 7 A summary of the 
epidemiologic assessments, 
mechanistic assessments, and 
causality conclusions for 
influenza vaccine 


Type 

vaccine 

Adverse event 

Epidemiologic 

assessment 

Studies contributing to 
epidemiologic assessment 

Causality 

conclusion 

Influenza 

Transverse myelitis 

Insufficient 

None 

inadequate 

vaccine 

Optic neuritis 

Limited 

2 

Inadequate 


MS onset in adults 

Limited 

2 

Inadequate 


Guillain-Barre Syndrome 

Moderate 

9 

Inadequate 


Chronic inflammatory 
disseminated 
polyneuropathy 

Insufficient 

None 

Inadequate 


Fibromyalgia 

Insufficient 

None 

Inadequate 


reported, e.g., for group A streptococcal diseases, attention 
should be given to avoid reproducing the natural pathogenic 
process; this process might include the identification and exclu¬ 
sion of naturally pathogenic epitopes; (2) potential molecular 
and immunological mimicry between vaccine antigens and host 
components should be extensively analyzed through a combi¬ 
nation of bioinformatics and immunological studies. 
Information should be gathered on the relative ability of such 
epitopes to bind to MHC molecules, to be processed by 
antigen-presenting cells, and to be recognized by autoreactive 
T cells. Molecular mimicry in itself is not sufficient to trigger 
autoimmune pathology, and other factors intrinsic to infections, 
such as tissue damage and long-lasting inflammatory reaction, 
might be required as well. For example, a new Lyme disease 
vaccine contains an immunodominant epitope of the outer sur¬ 
face protein A of Borrelia burgdorferi that displays great ho¬ 
mology to human lymphocyte function-associated antigen-1, 
an adhesion molecule of the two integrin family [161]. 
Although this homology raised concern about the safety of this 
vaccine, there was no evidence for an increased frequency of 
arthritis in individuals who received the Lyme vaccine [162]; 
(3) indicative information can be obtained through the use of ad 


hoc experimental models of autoimmune diseases. Different 
vaccine formulations and adjuvants can be compared with re¬ 
spect to their potential capacity to induce or enhance the ex¬ 
pression of pathology in relevant models; (4) appropriate im¬ 
munological investigations, e.g., autoimmune serology, can be 
systematically included in phase I—III clinical trials. 

In conclusion, clinical surveillance of potential autoim¬ 
mune adverse effects and appropriate laboratory tests 
should be considered for inclusion in the monitoring pro¬ 
tocol. Such surveillance should be extended through the 
postmarketing stage if specific rare events have to be 
ruled out [10]. 

Reports on autoimmune reactions after vaccination would 
constitute probably less than 0.01% of all vaccinations per¬ 
formed worldwide, although this rate may be biased by under¬ 
reporting. 

We reported a summary of epidemiologic assessments, and 
causality conclusions for the main vaccines described in this 
review, including hepatitis A, hepatitis B, influenza, MMR, 
HPV vaccine (Tables 5, 6, 7, 8, and 9). 

In addition, many of those reactions are mild and self-limited. 
Nevertheless, we should be cautious, especially not only in cases 


Table 8 A summary of the epidemiologic assessments, mechanistic assessments, and causality conclusions for MMR vaccine 


Type vaccine 

Adverse event 

Epidemiologic assessment 

Studies contributing 
to epidemiologic assessment 

Causality conclusion 

MMR 

Transverse myelitis 

Insufficient 

None 

Inadequate 

vaccine 

Optic neuritis 

Limited 

1 

Inadequate 


MS onset in adults 

Limited 

2 

Inadequate 


MS onset in Children 

Limited 

1 

Inadequate 


Guillain-Barre Syndrome 

Insufficient 

None 

Inadequate 


Chronic Inflammatory 
Disseminated 

Insufficient 

None 

Inadequate 


Polyneuropathy 

Chronic arthritis in Women 

Limited 

2 

Inadequate 


Type 1 Diabetes 

High 

5 

Favors rejection 


Fibromyalgia 

Insufficient 

None 

Inadequate 
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Table 9 A summary of the 
epidemiologic assessments, 

Type 

Adverse event 

Epidemiologic 

Studies contributing to 

Causality 

mechanistic assessments, and 
causality conclusions for HPV 

vaccine 


assessment 

epidemiologic assessment 

conclusion 






vaccine 

HPV 

Transverse myelitis 

Insufficient 

None 

Inadequate 


vaccine 

Neuromyelitis optica 

Insufficient 

None 

Inadequate 


MS 

Insufficient 

None 

Inadequate 



Guillain-Barre 

Insufficient 

None 

Inadequate 



syndrome 

Chronic inflammatory 

Insufficient 

None 

Inadequate 



disseminated 

polyneuropathy 






Amyotrophic lateral 

insufficient 

None 

Inadequate 



sclerosis 

Transient arthralgia 

limited 

1 

Inadequate 


with previous post-vaccination phenomena and those with aller¬ 
gies but also in individuals who are prone to develop autoim¬ 
mune diseases, such as those with a family history of autoimmu¬ 
nity or with known autoantibodies, and in genetic predisposed 
individuals. In such subsets, the potential benefit of vaccination 
should be weighed against its potential risk [138]. 

In the 2015, Soriano et al. supposed that four groups of 
individuals are at risk: (1) patients with prior post¬ 
vaccination autoimmune phenomena, such as patients who 
showed initial clinical manifestations (fever, arthralgia) after 
dose vaccination; (2) immunosuppressed patients with auto¬ 
immune conditions: indeed, live vaccines including BCG, 
MMR vaccines, and vaccines against herpes zoster, and yel¬ 
low fever are generally contraindicated in these patients due to 
the risk of an uncontrolled viral replication [163]; (3) patients 
with a history of allergic reactions: the vaccine components 
include potential allergens such as animal-derived proteins 
like egg (present in yellow fever, influenza, and MMR vac¬ 
cines), adjuvants like aluminum (present in HPV, HNI, and 
HBV and vaccines) and thimerosal (HPV vaccine), antibiotics 
like gentamycin, neomycin, streptomycin, polymyxin B, and 
stabilizers like gelatin (present in varicella, and MMR vac¬ 
cines) and lactose; (4) patients who are prone to develop au¬ 
toimmunity, including patients having a family history of au¬ 
toimmune diseases; asymptomatic carriers of autoantibodies, 
such as high levels of anti-citrullinated protein antibodies 
(ACPA) in RA, anti-mitochondrial antibodies (AMA) in pri¬ 
mary biliary cirrhosis, anti-thyroid antibodies in Hashimoto’s 
thyroiditis, and anti-dsDNA in SLE [164]; carrying certain 
genetic profiles, including patients with polymorphisms asso¬ 
ciated with the insulin gene, the thyroglobulin gene and the 
thyroid-stimulating hormone receptor gene [165]. 


Conclusions and expert recommendations 

The vaccination might display autoimmune side effects 
and potentially even trigger a full-blown autoimmune 


disease. This susceptibility to vaccine-induced autoimmu¬ 
nity is probably determined also by genetic predisposi¬ 
tion, which further emphasizes the importance of “the 
mosaic of autoimmunity” [4]. The vaccination decreases 
the morbidity and mortality of the individuals, especially 
children. Nevertheless, the dilemma of whom and when to 
vaccinate remains unresolved and further research is need¬ 
ed to explain the action mechanism. 

Finally, we believe that our commitment should be to 
plan genetic investigations on the post-vaccination auto- 
immune-affected patients in order to clarify the pathogen¬ 
ic background and the physiopathology of vaccine-related 
autoimmune response. Hopefully, this approach might 
lead to outline a screen-test (patch test?) for this risk 
and, eventually, to prevention of adverse reactions by vac¬ 
cination. It could represent a “personalized medicine” that 
could potentially improve preventive methods and thera¬ 
peutic options, accordingly with the recommendations of 
the “European Association for Predictive, Preventive and 
Personalised Medicine” [166]. 
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